How the brain generates a lie is an important and unsolved issue in neuroscience. Previous studies indicated that mentalizing, the ability to understand and manipulate the mental states of others, plays a critical role in successful deception. Accordingly, recent neuroimaging studies reported deception-related activity in the right temporo-parietal junction (rTPJ), a brain region closely related to the mentalizing ability. Detailed functions of rTPJ in deception, however, remain unclear. In the present study, we investigated a causal relationship between rTPJ and deception using transcranial direct-current stimulation (tDCS). Subjects received anodal tDCS to their rTPJ or V1 (control) and then performed three tasks in which they aimed to deceive another participant to get monetary rewards. In one of the three tasks, we found a significant decrease in a rate of successful deception when rTPJ was stimulated, indicating that neural enhancement of rTPJ caused poorer (not better) deceptive performances. Our results suggest that, in some tasks involving selfish (money-motivated) lying, neural processing in rTPJ does not contribute to successful deception through the metalizing ability. Rather, it would be related to the self-monitoring of morally-unacceptable behaviors (lying). The neural enhancement of rTPJ therefore increased the psychological resistance to lying, resulting in poorer deceptive performances.
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Introduction
Deception is generally defined as a psychological process in which one person deliberately intends to mislead another, typically, by distorting truthful information. Because of its importance in legal, moral, and clinical domains (Blandon-Gitlin et al., 2014; Ekman and Osullivan, 1991; Ford et al., 1988; Vrij et al., 2010; Walczyk et al., 2003) , the neural processing underlying deceptive behaviors and lying have been extensively investigated (Garrett et al., 2016; Greene and Paxton, 2009; Kireev et al., 2013; Kozel et al., 2005; Langleben et al., 2002; Nunez et al., 2005; Phan et al., 2005; Spence et al., 2004; Sun et al., 2015; Yin et al., 2016) . Those studies consistently indicated a close relationship of deception with the prefrontal cortex in the human brain (Abe, 2011; Christ et al., 2009 ). For example, previous researches using the functional magnetic resonance imaging (fMRI) reported stronger activity in the prefrontal cortex when participants responded falsely to verbal questions (e.g. "where were you born?") than when they answered truthfully (Ganis et al., 2003; Lee et al., 2002) . Causal approaches using transcranial magnetic stimulation (TMS) and transcranial direct-current stimulation (tDCS) provided further evidence for an * Corresponding author.
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involvement of the prefrontal cortex in deception (Fecteau et al., 2012; Karim et al., 2010; Karton et al., 2014; Mameli et al., 2010; Priori et al., 2008) .
Although those studies showed a pivotal role of the prefrontal cortex, deception is a complex cognitive activity and can be classified into many subtypes. Some of them are selfish and anti-social (e.g. financial fraud), while others not (e.g. white lies in social situations). This diversity of deception suggests that different types of lies can arise from different sets of neural systems, therefore implying deception-related brain regions other than the prefrontal cortex. Recent studies indicate that one of such regions lies in the temporo-parietal junction (Abe et al., 2014; Harada et al., 2009; Hayashi et al., 2014; Sowden et al., 2015) . In Abe et al. (2014) , subjects read scenarios of events that can happen in real-life situations (e.g. You broke a door lock of the restroom in a department by mistake. A cleaning crew asks you if you know something about the broken lock.) and decided whether to tell a lie or not. They found stronger activation in the right temporo-parietal junction (rTPJ) when the subjects made dishonest decisions (anti-social lying) compared with honest ones.
What was a functional role of rTPJ in deception? At least two interpretations are possible. First possibility was that neural activation in this area played a critical role in deception. It is known that TPJ is related to mentalizing (Saxe and Kanwisher, 2003; Vollm et al., 2006) , the ability to understand and manipulate the mental https://doi.org/10.1016/j.neures.2017.07.004 0168-0102/© 2017 Elsevier Ireland Ltd and Japan Neuroscience Society. All rights reserved.
